Introduction
The rocket-based combined-cycle An understanding of the relevant physics of the nozzle flow was the goal of these tests.
Apparatus and Test Procedures
A sketch of the test configuration is shown in Figure 1 . Five different rocket-in-a-duct configurations were tested as given in Table 1 . These consisted of three different free expansions at a constant length to inlet diameter ratio (L/D-5) and three different L/D ratios at a constant free expansion (_=8 to 23.5).
Tests were 4 seconds long to establish steady state pressure at the blind end of the duct. No diverging duct tests were conducted in this series of tests.
Secondary flow of gaseous nitrogen, mostly in the range of 0 to 10% of the core rocket flow, was introduced at the blind end of the duct.
Test Articles
The rocket injector used in this study 
Thrust Stand
The thrust stand is shown in Figure 6 . and reduced the measurement uncertainty.
Results and Discussion
The experimental rocket performance parameters defined above, i.e., specific Figure 16 and that Tlc, for the 3 diameter long duct had a low bias. Ideally, this data would collapse to a single line as shown in Figure 9 for the numerical data. Again, the baseline rocket performance is higher than the other data in Figure 16 .
Note that there was a decrease in rlcf as the length of the duct increases and the increase in rlcf as secondary flow increases as shown in Figure 15 . The measured parameters in this study for which there is an associated error are summarized in Table A 
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where yi = the data point, yi.,. = the equivalent calculated value from the curve fit, N = number of data points, and C = number constants used in the curve fit.
Here the number of degrees of freedom was defined as 
The number of degrees of freedom was defined as,
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<,, =[<,+ ,;,, Table B6 . Test data, Rocket-in-a-duct, 7.38 cm dia., 5 dia. long 
